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Introduction
The aging process is inevitable and culminates in the functional worsening of multiple systems, increase of the morbidity and mortality 1 . The effects of the aging in the kidneys are related to the presence of sclerosis in progression, associated to the reduction of the number of functioning nephrons, resulting in the reduction of the renal blood flow and the glomerular filtration 2 .
The pathogenesis of the structural renal changes associated to the aging is not yet completely known. Genetic and hemodynamic factors had been associated with the progression of the morphologic alterations related to age and these structural alterations of the renal aging are also very unspecific, found in many conditions, including diabetes, hypertension and arteriosclerosis
The accuracy for determination of structural alterations of the agencies is extended with the use of the stereology, which is a method that uses systematic, uniform and random samples to supply quantitative data with minimum bias 4 .
There are few studies using stereology to evaluate the renal structural alterations secondary to the aging process, therefore this work aims to evaluate the renal histological alterations through the stereology and morphometrics; and the renal function, through the examination of the serum urea and creatinine in rats submitted to the natural process of aging.
Methods
All the ethical principles in the animal testing established by the Brazilian College of Animal Experimentation (COBEA)
had been observed and also the requirements established in the "Guide for the Care and Use of Experimental Animals" had been respected, being the experiment approved by the local committee of ethics.
For the study, 72 male albino Wistar rats (Rattus novergicus albinus, Rodentia, Mammalia) had been kept in an environment with controlled temperature in 22 degrees Celsius, light/dark cycle of 12 hours, controlled humidity of the air and free of external noises. They had all received purified water and ad libitum feeding with specific food for the species during the period of the experiment.
The animals were divided in six groups of 12 animals each and were sacrificed at different ages: group 1, at 3 months of age; group 2, at 6 months of age; group 3, at 9 months of age; group 4, at 12 months of age; group 5, at 18 months of age; and group 6, at 24 months of age.
In the experimentation room, the weighing in an ultrasensitive calibrated scale and measurement of the stature of the animal were made.
For the procedure, the animals were submitted to anesthesia with a solution of Ketamine hydrochloride (57.67mg/ mL) associated 2% of Xylazine hydrochloride (2g), with application of 1ml/1000 grams of live weight, via intraperitoneal injection under aseptic conditions. The procedure consisted in the performance of laparotomy and median thoracotomy and subsequent intracardiac puncture for blood collection and induction of cardiorespiratory arrest by exsanguination.
Next, the experiment proceeded with the kidneys dissection performed bilaterally, tie of the renal vases and ureters and conduct of bilateral nephrectomy. The left kidney was immediately frozen under the temperature of -80ºC (to be used in another study) and the right kidney was submitted the weighing in electronic scale of high precision and its dimensions (length, width and thickness) were measured with a digital caliper.
Also the following organs were dried up to be used in other studies on the aging process: testicles, bladder, corpus cavernosum and urethra, aorta, heart, liver and brain.
Biochemical analysis
The collected blood samples from the animals were sent to the laboratory of biochemical analyses and a measurement of serum creatinine and urea though the enzymatic colorimetric method was performed, being the measurement unit mg/dL 5 .
Morphological, morphometric and stereological analysis
The renal volume (V) was calculated from the linear After that, the kidneys were submitted to the successive cuts in microtome with 7μm of thickness (American Optical, Spencer AO 820). Since the kidney is an anisotropic organ (the glomeruli are located predominantly in the cortical region) the Orientator Method 7 was used to obtain random and uniformly isotropic cuts (cuts AUI).
The physical Disector method 8 To obtain the average volume of the renal glomeruli (Vol [glom] ), the division between the volumetric density (Vv [glom] ) and the numerical density of the renal glomeruli (Nv [glom] ) was made. The result was expressed in cubic micrometers (µm 3 ).
Statistical analysis
The results obtained in the experiment were described 
Results
No loss occurred during the study, as in the last group all the 12 animals at 24 months of age were alive. The animals with the longer survival showed evident signs of aging, such as thinning hair and hypoactivity. With regards to the length and weight, the animals had had a statistically significant gradual increase until the group at 12 months of life, followed by discrete reduction in the rats of the last groups ( Figure 1) . 
Renal morphometric analysis
The examination of the renal weight presented statistically lower values in the group of animals at 3 months of age (average of 1.28 ± 0.13g) in comparison to the other groups (except group at 9 months of age) ( Figure 3A) . The renal volume measured presented statistically significant increase between the group at 3 months of age (average of 433.8 ± 74.58mm 3 ) and the group at 6 months of age (average of 1124.6 ± 82.5mm 3 ) (p<0.001). A significant increase of the renal volume was also evidenced between the animals of the group at 6 months of age and the group of animals at 12 months of age (average of 1267.2 ± 124.0mm 3 ) (p=0.028). After a peak with the group at 12 months of age, a gradual reduction of the renal volume occurred, being that the comparison between the groups at 12 and 18 months of age (average of 579.1 ± 137.9mm 3 ) was also statistically significant (p<0.001) ( Figure 3B ). ) in relation to the group at 6 months of age was evidenced (p=0.007). The glomerular numerical density in the groups over 9 months of age came back to present gradual reduction until reaching an average of 26.42 ± 5.07 glomeruli per mm 3 in the group of rats at 24 months of age. This gradual reduction presented great statistical relevance (p<0.001) (Figures 5 and 6 ). 
Stereological analysis
The quantitative examination of the glomerular volume density (Vv [glom] ) showed statistically significant gradual reduction between the groups (Figure 4 ). The glomerular numerical density (Nv [glom] ) surveyed demonstrated statistically significant reduction between the groups of rats at 3 months of age (average of 165.77 ± 3.13 glomeruli per The mean glomerular volume did not present statistical difference between the groups of rats with 3 and 6 months of age (p=0.792). Between the groups of animals at 6 months of age and the remaining with rats at more advanced age, a statistically significant reduction (p<0.001) of the mean glomerular volume occurred. Between the animals older than 9 months, the mean glomerular volume did not present significant alterations (Table 1) . 
Discussion
The use of animal models in experimental studies has been widely spread since the beginning of the last century. Even with its reduction in the last two decades due the ethical concerns, it is estimated that about 12 million animals are used per year in researches in the United States 10 .
In aging and longevity research this model becomes fundamental, since it allows to follow the entire cycle of life in a shorter period of time and to control the environment exposition during all the life of the animal.
In the present study, the animals of the last group had With strong statistical significance, the gradual reduction of the glomerular volume density and the glomerular numerical density found in the stereological analysis of the renal tissue of the rats in the groups of animals gradually older, clearly demonstrates the process of renal aging as already well-established in literature [17] [18] [19] [20] [21] .
The variation curve of the mean glomerular volume during the aging process evidenced in our work was similar to the ones found in studies lead in human beings [19] [20] [21] [22] . However, Cortes et al. 23 evidenced a gradual increase on the mean glomerular volume during the aging of Fischer rats. This compensatory glomerular hypertrophy seen in the senile rats is probably due to the reduction of the number of functioning renal glomeruli.
The results of the study strengthen the well appraised information already in literature and can assist in better understanding of the natural process of the aging in rats and stimulate the development of new research on the subject.
Conclusions
The renal function, evaluated through the serum dosage of creatinine and urea, proved to be inferior in senile rats when compared the young rats. The morphometric and stereological analysis evidenced renal atrophy, gradual reduction of the glomerular volume density and glomerular numerical density associated to the aging process. It was not found significant compensatory glomerular hypertrophy in the senile rats.
